This paper presents the study of a three phase PWM inverter-fed induction motor drive with single phase utility input, with and without a power factor correction circuit (PFC). The PFC circuit is controlled with the proposed predictive current control. The effects of the PFC circuit on the magnitude of the input current, harmonic contents and input power factor of the A.C drive system are studied. The Fast Fourier Transform (FFT) is used to get the frequency spectrum of the current waveforms. A comparative study of simulation and experimental results for the A.C. drive system, with and without PFC circuit, is carried out. The experimental implementation of PFC control of the boost converter controlled three-phase IM drive system, with FOC principles in real time, using DSP controller board DS1104 is achieved using the proposed predictive control. The proposed PFC control method used to achieve a low input line current harmonics, for obtaining a good power quality with a fast dynamic response for output voltage and line current.
Introduction:
The use of variable speed drive (VSD) systems in the industry is growing due to emerging high volume of fractional horsepower VSD applications. All VSDs have rectifiers and storage capacitors in their front-end to get dc voltage from an ac power source. This input circuitry lowers the power factor (PF) of the VSD systems and pollutes ac power systems. In variable speed drive systems, the inputs current is distorted and out of phase the input voltage. In this case, the power factor is less than unity and less real power is transmitted to the load. However, the R.M.S value of input current is increased, due to harmonic currents [1] [2] . Low power factor gives rise to a number of serious problems in variable speed drive systems. The size of input fuses and circuit breakers of input circuitry must be increased, beside the distorted current waveform, which causes interference with the other equipment, must be filtered to reduce magnitudes of harmonic frequencies [3] [4] .
Also, due to the emerging requirements in the drive applications for high efficiency and low cost coupled a sinusoidal current operation from the utility are necessary. The study of power factor correction (PFC) integrated with inverter-fed induction motor drives become very important. Generally, a single phase uncontrolled diode bridge rectifier is used to feed the inverter of AC motor, but this converter has the following disadvantages: uncontrolled DC-link voltage, poor input power factor, Harmonics in the AC mains, disturbance in the nearby system. Majority of industrial drives use electric motors, since they are controllable and readily available. [5] [6] [7] .
The increasing interest today is to find compact and inexpensive variable speed drives. There are several different approaches to improve the input power factor and the input current harmonics of the VSD systems [8] [9] . These approaches employ a frontend converter for PFC and an inverter for the three-phase induction motor (IM), or a converter for permanent magnet brushless dc motor (PMBDC) and switched reluctance motor (SRM). The non-isolated drive system employs a non-isolated PFC of the boost converter as input to the PWM inverter as proposed in [9] [10] [11] . Steady-state performance of a three-phase, medium-power ac motor operated from a single-phase ac source using a diode bridge rectifier, with boost converter has been discussed in references [12] [13] [14] [15] .
Most of the existing digital PFC control methods are based on conventional analog control laws. They basically implement the analog control laws in a digital format [16] [17] [18] . In conventional digital implementation, multiplication and division operations are implemented by the software. Because all the calculations, are executed in every switching period, the implementation of conventional methods requires a high speed digital controller [16] . Although so many digital PFC control methods were presented in the reference papers [19] [20] [21] , there are still several problems that needed to be solved for digital implementations. In digital control PFC, the problems are mainly related to the following aspects: high calculation required in one switching cycle, high cost of the In this paper, in order to achieve higher switching frequency with low cost, low calculation requirements and better performance than the conventional PFC control methods a predictive digital PFC control is proposed. One of the significant characteristics of the proposed digital PFC control method is that the switching frequency is not directly dependent on the speed of the DSP. Therefore, a low-cost DSP/microprocessor could be used to control the switch operating at a high switching frequency. The effect of the PFC circuit on the magnitude of the input current, harmonic content and input power factor of the A.C. drive system will be present in this paper. In order to achieve higher switching frequency with low cost, low calculation requirements and better performance than the conventional PFC control methods a predictive digital PFC control is proposed. Figure 1 shows a diode bridge rectifier and PFC circuit based inverter-fed induction motor drive system. The inverter is made of IGBT switches and controlled with Fieldoriented control (FOC) algorithm. The PFC circuit is controlled with the proposed predictive current control method studying in details. 
Predictive Algorithm For Boost Converter:
The block diagram of the digital controlled boost PFC based on the Predictive control algorithm is shown in Fig. 2 . The duty cycles are generated by the predictive algorithm. Fig. 3a . The proposed predictive PFC algorithm is developed based on the following assumptions: Boost converter operates at continuous conduction mode (CCM); the switching frequency is much higher than the line frequency. When the switch is on, the inductor current, i L (t), can be expressed as:
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When the switch is off, the inductor current, i L (t), can be expressed as:
Where V in (t) is the input voltage, Vo(t) is the output voltage, t(n) and t(n+1) are the beginning instant of n th and (n+1) th switching cycle, d(n) is the duty cycle in the n th switching cycle, and T s is the switching period. Because the switching frequency is much higher than the line frequency, the differential equations (1) and (2) can be expressed as:
] are the inductor current at the beginning of n th and (n+1) th switching cycles. The inductor current in one switching cycle is shown in Fig. 3c . The inductor current at the switching off instant, t (n) +d (n) T s , can be derived from equation (3):
The inductor current at the beginning instant of (n+1) th switching cycle ,t(n+1), can be derived from equation (4) as:
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Substituting equations (5) and (6), the inductor current at the beginning instant of (n+1) th switching cycle in terms of the inductor current at the beginning instant of nth switching cycle can be derived as:
The discrete form of equation (3) (4) (5) (6) (7) (8) can be expressed as:
The above equation indicates that the inductor current at the beginning of the next switching cycle is determined by the inductor current at the beginning of the present switching cycle, the input voltage, the output voltage and the duty cycle for the present switching cycle. Equation (8) 
It is observed that the required duty cycle for the present switching cycle, d(n), can be determined based on the boost circuit parameters, the output voltage, the input voltage and the required inductor current. In a properly designed AC-DC converter with PFC, i L (n+1), is forced to follow the reference current, i ref (n+1) , which is a rectified sinusoidal waveform. (9), the duty cycle can be derived as:
The reference current, i ref is determined as: i ref (n+1)= K PI .│sin(ω line .t(n+1)│ (11) K PI is the peak value of reference current, which is the output of the voltage loop controller, sin(ω line .t(n+1) (is the rectified sinusoidal waveform), it can be determined from a look-up table in digital implementation or a resistor divider from the rectified input voltage. The predictive algorithm given by equation (10) can be used to generate the duty cycles and achieve unity power factor with Boost converter in the digital implementation.
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Fig. 2 Digital implementation of proposed Predictive control
Therefore, the input voltage, V in , and output voltage, Vo, can be assumed as constant during one switching cycle, Ts. Thus, when the switch S is on or off, the boost converter is described by two modes of operation, as shown in Fig. 3b . 
Simulation Results
It is usual practice to simulate the drive system on the computer and predict the performance before real-time implementation. The simulation of the proposed complete drive system has been carried out using MATLAB SIMULINK software. The simulation allows investigation of both transient and steady-state performance of the drive system. The simulation results of a.c drive system with PFC are taken with the following specifications: ac input voltage, 220 V; dc output voltage, 400V; line frequency (f), 50 Hz; inductor (L), 10 mH and dc link capacitor (C), 6600 µF. The motor parameters of the system are reported in appendix (A).
A. Starting and Steady-State Operations
The results are taken at load torque 7 N.m and 100 rad/sec speed command for ac drive system with and without PFC circuit. The supply current waveforms and its corresponding total harmonic distortion at run-up and steady-state, for ac drive system without and with PFC are shown in Figs. 4 and 5 respectively. As seen from these figures, the steady-state input current for ac drive system with PFC has a smaller peak value and smaller RMS value (I i (r.m.s)) than supply current for ac drive system without PFC as shown in Fig.4 . Figure 5a shows the total harmonic distortion (THD) for ac drive system without PFC. Moreover, the ac drive system with PFC has smaller harmonic contents in supply current and high PF as shown in figure Fig.5b . Figure 6 shows the supply voltage (v S ) and supply current (i S ) waveforms for ac drive system without and with PFC respectively. As seen from these figures, there is a voltage dip in the input voltage for the system without PFC as shown in Fig.6a . The input current for ac drive system with PFC is sinusoidal and in phase with voltage as shown in Fig.6b .
Proceedings of the
The rectified current (i R ) and reference current (i ref ) under the steady state for ac drive system with PFC are shown in Fig. 7 . It is clear that, the rectified current is very close to reference current. Figure 8 , shows the output converter voltage for ac drive system without and with PFC respectively. As seen from these figures, the output voltage for drive system with PFC is constant during run-up and gives minimum voltage ripple than ac drive system without PFC. Figure 9 shows three-phase motor currents at run-up and steady-state for ac drive system without and with PFC. As seen from these figures, the three-phase motor currents for ac drive system with PFC takes a short time to reach steady-state value than the system without PFC as shown in Figs. 9a and 9b . Also, the current ripple for ac drive system with PFC is less than the system without PFC. 
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The motor speed during run-up for ac drive system without and with PFC is shown in Figs. 10a and 10b . It is noticed that, the motor speed for ac drive system with PFC takes a short time to reach steady-state value than the system without PFC. Figures 10c to 10d, show the motor torque at run-up and steady-state for ac drive system without and with PFC respectively. It is observed that, the motor torque for ac drive system with PFC takes a short time to reach-steady state value than the system without PFC. One important property of a high performance drive is its robustness to the disturbance like change of load and speed step up and speed step down which are very common types of disturbances. Therefore, this property is tested. Figure 11 shows supply current waveforms due Positive and negative step change in load torque, for ac drive system without and with PFC respectively. It is observed that, the supply current follows the load torque in its increasing and decreasing. Figures 12a  and 12b , show the output voltage due to Positive and negative step change in load torque, for ac drive system without and with PFC respectively. As seen from these figures, the output voltage for drive system without PFC is decreases when increasing the load torque and increases when decreasing the load torque. The output voltage for drive system with PFC is constant during step change in load torque and gives minimum voltage ripple than ac drive system without PFC. Figures 13a and 13b , shows motor torque for ac drive system without and with PFC respectively. As seen from these figures, the motor torque follows load torque. Figures 14a and 14b show supply current waveforms due Positive and negative step change in reference speed for ac drive system without and with PFC respectively. It is observed that, the supply current follows the reference speed in its increasing and decreasing. Also, the input current for ac drive system with PFC takes a short time to reach steady-state value than the system without PFC. Figures 15a and 15b show the output voltage due to Positive and negative step change in the reference speed for ac drive system without and with PFC respectively. It is noticed that, the output voltage for drive system without PFC is decreases when increasing the reference speed and increases when decreasing the reference speed. The output voltage for drive system with PFC is constant during step change in the reference speed and gives minimum voltage ripple than ac drive system without PFC. Figures 16a and 16b show three-phase motor currents due to Positive and negative step change in reference speed for ac drive system without and with PFC respectively. It is observed that, the three-phase motor currents for ac drive system with PFC takes a short time to reach steady-state value than the system without PFC. The motor speed during Positive and negative step change in reference speed for ac drive system without and with PFC is shown in figure 17 . It is Proceedings of the 9 th ICEENG Conference, 27-29 May, 2014 EE032 -16 clear that, the motor speed follows the desired speed reference in its increasing and decreasing. The motor speed for ac drive system with PFC takes a short time to reach steady-state value than the system without PFC. 
Experimental Results
The experimental implementation of PFC control of the boost converter controlled three-phase IM drive system, with FOC principles in real time, using DSP controller board DS1104 is achieved using the proposed predictive control method. Figure 18a shows the block diagram of the experimental setup of PFC control for a.c drive system. A Photograph for experimental setup of a.c drive system with PFC circuit shows in Fig.18b . The Input current waveforms and its corresponding harmonics spectrum at steady state for ac drive system without and with PFC are shown in Figs. 19 and 20 respectively. As seen from these figures, the input current for the ac drive system with PFC has a smaller peak value, smaller harmonic contents than input current for ac drive system without PFC. Figure 21 shows the supply voltage and current for ac drive system without and with PFC respectively. As seen from these figures, there is a voltage dip in the supply voltage for the system without PFC as shown in Fig. 21a . The supply current for ac drive system with PFC is nearly sinusoidal and in phase with voltage as shown in Fig. 21b Figure 23 show input current waveforms due Positive change in load torque from no load to 7 N.m at 100 rad/sec speed command, for ac drive system without and with PFC respectively. It is observed that, the supply current follows the load torque in its increasing. Load voltage and supply current due to Positive change in load torque for ac drive system without and with PFC are shown in 
Conclusions:
Power factor correction integrated with three-phase inverter-fed induction motor drive with single phase utility input has been presented in this paper. The PFC circuit of this system is controlled with the proposed predictive current control. The effects of the PFC circuit on the magnitude of the input current, harmonic contents and input power factor of the a.c drive system have been studied. A comparison has been made among the ac drive system with and without PFC circuit based on simulation results in both transient and steady-state operations. It is found that from these results, The input current for ac drive system with PFC takes a short time for reach steady-state value than the system without PFC. The steady state input current for ac drive system with PFC has a smaller peak value and smaller RMS value than input current for ac drive system without PFC. Moreover, the ac drive system with PFC has smaller harmonic contents in input current and high PF. The input PFC circuit draws a nearly sinusoidal current, from an ac source, in phase with voltage for ac drive system with PFC. The a.c drive system performance in both transient and steady-state operations with the power factor correction circuit is better than without PFC. It provides constant DC-link voltage during transient and steady state conditions.
